INTRODUCTION
The productivity losses of young stroke survivors not returning to work contribute disproportionately to the socioeconomic impact of stroke. 1 Stroke severity is a known predictor of return to work, 2 3 but in different studies the severity refers to different aspects of the patient data. Usually the severity is defined as gross neurological and functional impairment. Neurological impairment is often measured with the National Institutes of Health Stroke Scale (NIHSS), 4 5 and functional status with the Barthel Index. 5e8 In addition to neurological and functional impairment, the severity of stroke refers to cognitive disturbances. 2 Specific cognitive deficits seem to be negatively associated with return to work, 9 but the evidence remains inconclusive. In general, the data on cognition are restricted to single severe deficits such as aphasia, which are already detected in the NIHSS. More subtle cognitive disturbances are usually disregarded because studies on return to work and cognition often lack detailed neuropsychological assessments. 5 7 10e13 We found one study with a thorough neuropsychological assessment at 3 months after stroke, reporting that the defects of intelligence and memory affected the return to work.
14 Although earlier domain-specific cognitive abilities, found within the first weeks after stroke, are excellent independent predictors of long-term cognitive, 15 and functional, 16 17 outcome and quality of life, 18 19 their role in predicting return to work remains unexplored.
An analysis of the occupational outcome after stroke needs to be adjusted for several influential factors, including demographics and occupational status. For example, blue-collar workers are less likely to return to work than white-collar workers, and older patients close to their pension have a poorer return to work rate than younger stroke survivors. 2 10 20 Furthermore, the definitions of work significantly affect the results in return to work studies. 2 Trying to unify the concepts, studies defining work as employment, often outside the house, are increasing. For example, in a recent review on the social consequences of stroke, 3 51 of 78 studies had defined return to work as full-or part-time employment.
Our aim was to investigate how the severity of stroke, defined as the number of cognitive deficits within the first weeks after a first-ever ischaemic stroke, predicts the inability to return to employment after 6 months. The analysis was adjusted for demographic, occupational and clinical predictors and mood state. Given that gross cognitive impairments are known to predict return to work, we hypothesised that a more sensitive assessment of cognitive deficits would enhance these predictions.
METHODS Subjects
The patient data are part of a prospective cohort study focusing on neuropsychological factors related to ischaemic stroke. The data were collected consecutively in two Finnish hospitals: Helsinki University Central Hospital and Lapland Central Hospital during April 2007eOctober 2009. Informed consent was gathered from all participants. The patients were treated according to normal clinical standards for stroke patients. The inclusion criteria were a first-ever diagnosed supratentorial ischaemic stroke, aged 18e65 years, with no relevant neurological, psychiatric or neuropsychiatric history or comorbidity, and being a native Finnish speaker. The controls met all inclusion criteria except the stroke. The study and consent procedure were accepted by the ethics committee of Helsinki University Central Hospital in accordance with institutional guidelines. In addition, only patients working outside the house in full-time paid employment before the stroke were included.
Clinical data
The NIHSS and Glasgow Coma Scale (GCS) 21 were completed for all the patients twice: at their admittance to hospital and at discharge from the acute care unit. The pathophysiological aetiologies of the infarcts were categorised according to the Trial of Org 10 172 in acute stroke treatment criteria. 22 An experienced stroke neurologist visually evaluated the lesion location and size and the side of the infarction from CT or MRI (taken during the acute phase). The locations were categorised as frontal, parietal, temporal, occipital, basal ganglia, multiple with more than one location or non-visible. The infarct size was categorised using a modified version of Paciaroni et al 23 as small (<1.5 cm), medium (1.5e4.0 cm) or large (>4.0 cm). The basic functional status was assessed with the Barthel Index at the time of the initial neuropsychological assessment. The data on the principal vascular risk factors, that is, atrial fibrillation, diabetes, hypercholesterolaemia, hypertension, overweight (Body Mass Index >25) and smoking, were collected from the medical reports. The accumulation sum score of the vascular risk factors was used in the analysis.
Neuropsychological assessments and mood state
Every consecutive patient eligible based on the inclusion criteria completed the neuropsychological assessment according to the study protocol after a neurologist determined that the patient's condition had stabilised. The neuropsychological assessment was repeated after 6 months to validate the outcome predictions made with the initial neuropsychological assessment. Similarly, the controls were assessed twice, in 3-month intervals. The patients' follow-up assessments were compared with those of the controls.
In the neuropsychological assessments, we evaluated deficits in seven cognitive functions: executive functions, psychomotor speed, episodic memory, working memory, language, visual spatial and constructional skills, and motor skills (see online supplementary table 1). We measured each of the seven cognitive functions with three different neuropsychological tests. 24e34 The inner consistency (Cronbach's a) of the neuropsychological test scores within each cognitive function ranged from 0.74 to 0.93. Mimicking clinical decision-making, we required more than one test to deviate to denote impairment. A deficit in a cognitive function was recorded as present, when at least two test scores out of the three measuring the same function were considered defective. The cut-off for a defective performance in a test score was set to the tenth percentile level of the control group's performance. A similar method of defining cognitive deficits has been used previously. 35 The cognitive severity of stroke was defined as the number of initial cognitive deficits.
The follow-up neuropsychological data were binary encoded as the persistence of cognitive deficits to avoid excess multicollinearity of the predictors. Persistence refers to a situation in which there was no improvement at follow-up in any of the initially defective test performances contributing to an early cognitive deficit. In addition, persistence was encoded in those cases for which a new defective test performance within an early cognitive deficit was found and for which a new cognitive deficit was found at the follow-up. Non-persistence refers to a followup performance, in which at least one of the initially defective test performances contributing to an early cognitive deficit was no longer defective at the later follow-up. Additionally, nonpersistence was encoded in cases with non-existent early cognitive deficit and no new deficits at the follow-up.
The mood state of the patients was evaluated at both neuropsychological assessments using a modified version of the Profile of Mood States (POMS) questionnaire. 36 POMS includes questions concerning mood, apathy and fatigue. In the analyses, the 90th percentile level of the control group's symptom sum score was used as the cut-off for an impaired mood state.
Occupational data
The occupational status and type of work were collected in a clinical interview as a part of the initial neuropsychological assessment. At the 6-month follow-up, the patients' occupational statuses were recollected with a questionnaire modified from that of Sheehan et al. 37 The main dependent variable, the inability to return to work, was defined as not returning to paid employment outside the house, either full or part time. If a patient was on a sick leave or disability pension at follow-up, the diagnosis was confirmed from the related medical certificate. The type of work was classified as managerial employee, clerical employee, employee, entrepreneur or student. A managerial employee refers to occupations typically requiring an academic degree, often but not always a managerial position with several subordinates, for example, medical doctors and chief executive officers. A clerical employee designates occupations that require a vocational degree below the academic degree, including many types of office workers, for example, secretary and book-keeper. An employee indicated manual labour, for example, construction worker and housekeeper. An entrepreneur designates practitioners, freelancers, professional workers and self-employed persons. A student refers to full-time students, for example, in vocational studies.
Statistical analyses
The statistical analyses were computed with the IBM SPSS Statistics V.20.0. The univariate associations of all the predictors with the inability to return to work were analysed. Those predictors with a significant univariate association were chosen for the subsequent multivariate analysis. An enter-method binary logistic regression model was created to compare the significant predictors of the inability to return to work.
RESULTS

Sample characteristics
The criterion of working full time outside the house prior to the stroke was fulfilled in 161 of the 230 patients and, of those, 140 (final number of patients) completed the follow-up assessment and were analysed. The thorough sampling of this study is illustrated in figure 1 . In the sample, there were 83 men (59.3%). The mean age of our patients was 52.0 years (SD¼10.5) and they had a mean of 12.5 years (SD¼2.6) of education. The distributions of sex, age, education, type of work and accumulation of vascular risk factors did not differ between the patient (n¼140) and control (n¼50) groups (table 1) .
The dropouts (n¼21) from the 6-month follow-up assessment had higher NIHSS scores than the included patients (admittance: dropouts median ¼5, included patients median ¼2, U¼909.500, p<0.01; discharge: dropouts median ¼2, included patients median ¼1, U¼1047.500, p<0.05). Additionally, the dropouts had a deficit in psychomotor speed significantly more often than the included patients (dropouts 12/21 (57.1%), included patients 43/140 (30.7%), c 2 (1)¼5.671, p<0.05). No significant differences were found between the dropouts and the included patients in any other demographic, occupational, clinical, cognitive or mood state measurements.
Clinical characteristics
The neurological, radiological and functional characteristics of the patient cohort and the vascular risk factors are presented in table 2. At hospital admission, 122 patients (87.1%) had gross neurological findings with an NIHSS score above 0. At the discharge from the acute care unit, 91 patients (65.0%) still had an NIHSS score of 1 or more. Large-artery atherosclerosis was the dominant pathophysiological aetiology (n¼36, 25.7%) of the infarcts. Hypertension (n¼87, 62.1%) and hypercholesterolaemia (n¼79, 56.4%) were the most frequent vascular risk factors in our cohort.
Cognitive and mood state characteristics
The first neuropsychological assessment was completed after a mean of 8 days (SD 4.5) poststroke. At the 6-month follow-up assessment, the mean delay was 186 days (SD 14.9). The prevalences of the cognitive deficits at both assessments are given in online supplementary figure 1. At the initial assessment, 75 patients (53.6%) had at least one cognitive deficit, and at the 6-month follow-up, 59 patients (42.1%) had at least one deficit. Deficits in executive functions and psychomotor speed were the most prevalent deficits at both initial and follow-up assessments. All the differences in prevalence between the assessments were significant at p<0.001 in c 2 statistics (the number of cognitive deficits was analysed as a four category (0, 1, 2, $3 deficits) sum score). An impaired mood state was found in 45 patients (31.8%) at the initial assessment and in 25 patients (18.1%) at follow-up.
Occupational characteristics
The distribution of the types of work in the patient cohort and control groups are presented in table 1. The patients' occupational statuses at the 6-month follow-up categorised by the type of work are illustrated in online supplementary figure 2. By 6 months after the stroke, 58 patients (41.4%) had succeeded in returning to work, 65 patients (46.4%) were still on sick leave and four patients (2.9%) were on a disability pension. Stroke was traced as the cause of the sick leave and disability pension in all but one case. In that particular case, a coincidental new diagnosis of bipolar disorder caused the uncertainty.
One-way associations with the inability to return to work
The one-way associations among demographic, occupational, clinical, cognitive and mood state factors and the inability to return to work are presented in table 3. Age (p<0.01) and education (p<0.05), but not sex, were related to the inability to return to work. The type of work was associated with the outcome but did not reach significance (p¼0.07). The NIHSS (admittance: p<0.001, discharge: p<0.001) and GCS scores (admittance: p<0.01, discharge: p<0.01) and the stroke aetiology (Trial of Org 10 172 in acute stroke treatment) (p<0.05) were associated with the inability to return to work. In total, 72.2% (n¼26/36) of the patients in the large artery atherosclerosis group, 71.0% (n¼22/31) in the cardioembolism group and 66.7% (n¼10/15) in the other determined cause group were unable to return to work. In contrast, 41.4% (n ¼12/29) of the patients with either small-artery occlusion or undetermined cause did not return to work. The size of the lesion (p<0.01) as the only significant radiological factor and the functional Barthel Index (p<0.001) also had a significant one-way association with the outcome.
Every initial cognitive deficit associated with the outcome. At the 6-month follow-up, all but the visual spatial and constructional skills had a significant one-way association with the inability to return to work. In contrast, mood state was not associated with the outcome in either measurement.
The multivariate model of the inability to return to work
The model of the inability to return to work including every variable with a significant one-way association with the outcome is presented in table 4. For the gross neurological measures, only the measurement with a stronger univariate association (NIHSS: discharge, GCS: admittance) was selected for the final model to eliminate excess multicollinearity. In addition to variables with significant associations, type of work, which had a nearly significant association, was included. The early neuropsychological assessment was included in the model as the number of initial cognitive deficits. The neuropsychological follow-up assessment was included in the model as the persistence of cognitive deficits. Otherwise, all the variables with a significant univariate association with the outcome were included. In the model, only the number of initial cognitive deficits (OR¼2.251, 95% CI 1.294 to 3.918, p<0.01) was a significant predictor. Compared with a patient with no initial cognitive deficits, every cognitive deficit a patient had doubled the risk of the inability to return to work. The persistence of initial cognitive deficits was the only other predictor that came close to reaching the level of significance (OR¼2.722, 95% CI 0.942 to 7.861, p¼0.06).
DISCUSSION
In our study, the cognitive severity of stroke within the first weeks predicted the inability to return to work 6 months after a stroke. In our analysis, we accounted for demographic, occupational and clinical predictors as well as mood state. Impairments in psychomotor speed and executive functions were the most prevalent cognitive deficits. Stroke patients seem to benefit from early neuropsychological assessments after stroke for the evaluation of their rehabilitation needs and for the prediction of occupational outcome. This finding is a valuable addition to previous research, which has emphasised cognitive impairments as predictors of the cognitive, 15 and functional, 16 17 outcomes and quality of life 18 19 after stroke. In this cohort, 41% of the patients previously working full time in paid employment outside the house had returned to work 6 months after the infarct. The poststroke return to work rates vary noticeably among different studies due to different definitions of work. 2 3 Studies defining work the same way we diddas paid employment outside the housedtypically report approximately half of the patients returning to work. 3 Our slightly lower rate could possibly reflect differences, for example, in the loss of income grants between the involved countries.
The prevalence of having any cognitive deficit in the first weeks after stroke is found to be above 70%, and within the first 3 months 50%e90%. 38 Found prevalences depend on the sampling, the timing of the assessments and the definition of a cognitive deficit in the different studies. In our fairly young stroke cohort, we defined cognitive deficits by mimicking clinical decision-making, resulting in prevalences of 54% within the first weeks and 42% at the 6-month follow-up. Deficits in executive functions and psychomotor speed were the most prevalent cognitive deficits at both the initial and 6-month follow-up assessment.
The association of the severity of stroke with the occupational outcome was clear in our data for the NIHSS and for the functional Barthel Index in conjunction with previous studies. 5 8 Our data also replicate previous research for other factors affecting the occupational outcome after stroke, such as age, education and type of work. 10 20 What is new in our study is that an adjustment of the analysis of these diverse factors for the effect of cognitive disturbances led to the proposal that the cognitive severity of stroke was an even more important predictor.
However, the low median NIHSS scores indicate a need to evaluate the generalisability of our patient cohort. Furthermore, the physically mild nature of the cohort is highlighted by the higher median NIHSS scores of our 21 dropouts from the 6-month follow-up. As a sum score of the multiple gross neurological impairments, the NIHSS captures many of the obvious hinders of working life. In a cohort with frequent gross neurological impairments, a high NIHSS score would certainly offer a powerful estimate for the occupational outcome.
Our consecutive cohort is designed to be representative of working-aged patients with their first-ever stroke who had received a high standard acute stroke treatment. In our data, 61% of the patients leaving the acute care had an NIHSS score of 1 or 0. The functional recovery of the cohort was good as well. Nevertheless, the patients' cognitive deficits were severe and frequent enough to explain the rather adverse return to work rate of 41%. Even those dropouts with a higher median NIHSS scores had a deficit in psychomotor speed more frequently. Indeed, in many cases, the cognitive deficits seem to be the primary health-related determinant of the occupational outcome, and gross neurological impairments are insensitive to more fine-grained yet debilitating cognitive deficits. 39 Other limitations of this study are the modest sample sizes for both the patients and controls and the fact that the control group was not equivalent in size to the patient group. The timing of the initial neuropsychological assessment was balanced to minimise the possible effect of changing acute conditions, such as cerebral oedema and intracerebral pressure. However, these factors were not explicitly controlled for. The patients' own conception of why they have not returned to work would help the interpretation of the results. Unfortunately, we were not able to fully answer this question. Finally, neuropsychological patient studies, including ours, would benefit from accurate data about the patients' premorbid cognitive state. The issue was addressed with a carefully collected control group, but it certainly does not solve the problem entirely. All these factors should be taken into account when evaluating the relevance of our results.
In conclusion, the prognostic benefits of early neuropsychological assessments completed within the first weeks after stroke are emphasised. In working-aged patients, the initial cognitive severity of stroke predicted the inability to return to work after a first-ever ischaemic stroke. The results were *After a mean of 8 days after the onset. yPersistence¼no improvement at 6-month follow-up zAt admittance to hospital: the inability to return to work is the predicted category. The reference category for the type of work is managerial employee. The reference category for aetiology is large-artery atherosclerosis. Managerial employee: occupations typically requiring an academic degree; clerical employee: occupations requiring a vocational degree below the academic degree; employee: manual labour; entrepreneur: for example, practitioners and self-employed persons; student: full-time students. xAt discharge from the acute care unit. TOAST, Trial of Org 10 172 in acute stroke treatment.
controlled for demographic, occupational and clinical factors as well as mood state. In addition to predicting the long-term cognitive and functional outcomes and quality of life, early neuropsychological assessments can serve in the prediction of returning to work.
